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EVIDENCE FOR AN INACTIVE TRANSPOSABLE MARINER-LIKE
ELEMENT IN ANOPHELES ALBIMANUS
KEYI LIU,'2 PAUL LIZARDI,'3 JINZHI YU'2 and MARIO HENRY RODRIGUEZ4
ABSTRACT. Tiansposable elements may eventually be used as transformation vectors of anti-Plasmodium
genes in natural populations of Anopheles mosquitoes. Tlte mariner transposable element is widespread in most
animal phyla and we wished to test for its presence in the important Latin American malaria vector, Anopheles
albimanus. Degenerate primers were designed from the consensus of insect mariner elements and used in a
polymerase chain reaction to amplify a fragment of the predicted size from An. albimnnus. The fragment was
cloned, sequenced, and determined to be a mariner-like element through multiple alignment with known insect
martner elements. Dot blot and Southern blot analyses showed only one or a few elements per haploid genome.
The cloned fragment was used as a probe to isolate similar sequences from art An. albiianas genomic DNA
library. A 659-base-pair clone was 5'77o simllar at the DNA level with mariner elements from Anopheles
gambiae, Chrysoperla ptorapunda, and Haematobia irritans. This low sequence similarity is comparable to that
found among mariner-like elements in all insects. Howeve! conserved amino acid motiis were not discovered
nor was a single open reading frame found. These aspects suggest that the An. albimanus mariner-like element
may represent an ancient transposition event but that the element is no longer active, the typical open reading
frame having been disrupted through nucleotide insertions and deletions.
KEY WORDS Transposon, mnriner, Anopheles albimanus
INTRODUCTION
T}ne mariner transposable element was first iden-
tified as an insertion in the white gene of the fruit
fly Drosophila mauritiana (Jacobson et al. 1986).
This element is 1,286 base pairs (bp) long, with 28-
bp short terminal inverted repeats and a single un-
interrupted open reading frame of 1,038 bp. Ttans-
posable elements of the mnriner fanlly are now
known to be widespread among most animal phyla,
and 65 insect species representing 10 orders and 5
principal subfamilies have been shown to contain
mariner-like elements (Robertson and Macleod
1993). Recently, mariner-like elements also were
identified in Anopheles gambiae Giles, a major ma-
laria vector in Africa (Robertson and Lampe 1995).
Tfansposable elements may eventually be used as
transformation vectors of anti-Plasmodium genes in
natural populations of Anopheles mosquitoes. The
P transposable element has been used in germ line
transformation of Drosophila (Rubin and Spradling
1981, 1982; Spradling and Rubin 1982) -but has
failed in the transformation of mosquitoes and
many other insects (Morris et al. 1989). However,
mariner transposable elements may also be good
candidates and the suggestion has been made that
a transposable element isolated from an insect spe-
cies itself may prove to be the most suitable trans-
formation vector for that species (Warren and
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Crampton 1994). Anophe le s albimnnu,s Wiedemann
is an important vector of Plasmodium vivax malaria
in Latin America. Identification of mariner ele-
ments in An. albimanus may eventually assist in the
control of malaria in areas of Latin America where
this species occurs. Here we demonstrate that a
mariner-llke element exists in An. albimanus but
because no open reading frame could be found, that
this element likely represents an ancient transposi-
tion event and that the current element is no longer
active.
MATERIALS AND METHODS
Mosquito DNA extraction: Anopheles albimanus
were captured in Chiapas, Mexico, and cultured in
the laboratory for several generations. One hundred
mosquitoes were ground in a mortar with liquid ni-
trogen and incubated at 50'C for 1.5 h in 4 ml of
extraction buffer (100 mM Tris-HCl, pH 8.0, 50
mM NaCl, 50 mM ethylenediaminetetraacetic acid,
17o sodium dodecyl sulfate, and Proteinase K
[Boehringer, Indianapolis, IN] 50 pglml). The mix-
ture was extracted twice with 4 ml of phenol, and
once with 4 ml of chloroform: isoamyl alcohol (24:
1). The DNA was then precipitated by adding a
one-tenth volume of 3 M sodium acetate (pH 5.2)
and 2 volumes of cold absolute ethanol. After cen-
trifugation the DNA was dissolved in I ml of l0
mM Tris-HCl plus 0.1 mM ethylenediaminetetraa-
cetic acid (pH 7.6) and incubated with l0 p! RNA-
se (10 mg/rnl) (Boehringer) at 37'C for t h, tnen
extracted twice with phenol and chloroform. The
DNA was ethanol precipitated as above and then
washed withTOVo ethanol, dried, and then dissolved
in 10 mM Tiis-HCl plus 0.1 mM ethylenediamine-
tetraacetic acid (pH 7.6). The DNA was quantified
with an ultraviolet spectrophotometer.
Design of degenerate primers: The peptide se-
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TGTGACAATGG- -ATGA'qi\CATGGCTCCATCACTACAC-TCCTG - -A- - -GTCC-AATCG-A- - -
TGTGACAATGG--ATGAJqJqCATGGCTCCATCACTACAC-TCCTG--A---GTCC-AJq'qCG-A---
TGTGACAATGG- -ATGAiqiqCATGGCTCCATCACTACAC-TCCTG- -A- - -GTCC-AATCG-A- - -
-GTTAC--TGGCGATGAiqiqiqiqTGGATC----TTT_---TTT--GTTA---GTCCTA'qJ\CGTM'\-
-GTTACAATGG--ATGAGACGTGG-TG-AG-ACTGGGTGTCCAGCAJqiqi\CGTCC---TCGCATTT
CAG--TCGGCTGAGTGGACAGC-GACCGGTGAACCGTCTC-CG - AAGCGTGGA-AAGACTC - - -A
CAG---TCGGCTGAGTGGACAGC-GACCGGTGAACCGTCTC-CG- AAGCGTGGA-AAGACTC - - -A
CAG--TCGGCTCAGTGGACAGC-GAACGGTGAACCAGGTTCCG - AAGCGTGGA-AAGACTC - - -A
AAG- -TCA--TACGTTGATCCTGGAC- - -- -AAC- - - - - --CGGCCACATCGA-CTG-CTCGACC
AAGATTCG- -TTTGTTG-TT_. -GACCCAT-TAC- -- -TT{GTTGGCTTT-ATATTACTCTGGA
* *  * * .  *  * *  *
*  *  * . .  * * *  *  *  *  *
* *  * .  . .  *  *
*  .  *  *  . .  r  * * * * * . *  *  *  *  *
* . .  *  *  * * * i  * *  *
* .  *  *  *  *  * *  * .  *  * *
AAAGTCCA- - -CTG--GCAA-AGTA--ATGGCCTCTGTTT -TTTGG- -GAT--GCGCATG- -GAA
AAAGTCCG- - -CTG--GCAA-AGTA--ATGGCCTCTGTTT-TTTTC- -GAT --GCGCATG- -GAA
AAAGTCCG-- -CTG--GCAA-AGTA--ATGACCTCTGTTT-TTTGG- -GAT- -GCGAATG- -GAA
GAA-TCG--- -CTTTGGCAAGAAGACGATG--CTCTGTGT.TTGGTGGGATCAGAGCG-GT-G--
AiLqGTCCGTTTCCTTCGCCA-CTTAC-AT- ---T -TGTTCCTTTC- - - -ATT-GCCCACGTTGCC
AATAATTT -- -TTATC-G-A-TT-A- -TCTT - -C- - -AGA_-AGG-GMJqAA-CC- - -A-TCAAT
- -TAATTT-- -TTATC-G-A-TT-A--TCTT--G- --AGA_-AGG-GAJqJ\i\i\-CC- - -A-TCAAC
- -TAATTT-- -TTATC-G-A-TT-A--TCTT--G-- -AGA--AGG-G&qAiqiq-CC- --A-TCACC
- -TCATTT--ACTAT- -G-A-GC-- - -TCTT --G- - -A-A--ACGCGGCGA,\i\CGGTGAAT-A-C
G-TAATTACAACAi\i\CAGCAGTTCAGTTCTTATGGGCAGAGGATGCGCTTCGCCTGCCGTTTA-C
AGTG-A- - - - -CT - -A-TTATAT-G- - -GCGTTATTGGAGCG-TTTGA--AGGT-CGAAATC-GC
AGTG-A-- - - -CT --- -TTATAT -G- - -GCGTTATTGGAGCG-TTTGA--AGGT-CGAJUqTC-GC
AGTG-A- - - - -CT_-A-TTATAT-G---GCGTTATTGGAGCG-TTTGA- -AGGT-CGAiqJqTC-GC
GGC- -AC- - -GCT - -A-CCA-ACA- -- -AC--AATTG-ATCAATTTGA- -ACCGTGCGCTTCAGA
TG-GCACCTTCCTCCACTTA-ATAGTTTGCTTAATTG-A-C- -TTCCACCAAG- -CGAA--CAGC
GGCA'U\,\TGGCCCCA-TATG-A-AG--AiAGAiqi\iqi\iqcT--GT--TG-TTCCA--CCAAGAC----
GGCAAqi\CGGCCCCA-TATG-A-AG--AAGA'UqAJqAGT--GT--TG-TTCCA--CCAAGAC----
GGCAAAACGGCCCCA-TATG-A-AG- -AiqGAA'qAAAGT - -GT - -TG-TTCCA--CCAAGAC_ - - -
G_- AJqAJ\CGACCGGAATATCAA-AA- -AAGACAACACAGGGTCATTTTTCT-- -CCATGAC- - - -
AT-AAAACGATTGG--TACGCACCGCAAATAJqiqi\TTCTT-GT--TGATTCCATTCCATGACCTGG
AACGCA- - -TCGTGC- - -CAC- --AAGTC-ATTGAGAACAATGGCA- AAiqi\T-TCATGAATTGGG
AACGCA- - - CCGTGC- - -CAC- - -AAGTC-ATTGAGAACGATGGCA-A,UU\T-TCATGAATTGGG
AACGCA- - - CCGTGC- - - CAC- - -AAGTC-ATTGAGAACGATGGCA-AAAAT -TCATGAATTGGG
AACGCT - - - CCAT -CACATACGGCAAGAGCGGTTCGCGACACGTTGGAJq,qCACTCA- - -ATTGGG
AATGCAAAAACAAGCAGCCAGGAAAAAA'\-ATAGACCA-GATGGAGGAiqAG-CT AT - -CTTGCA
* *  * * .  *  : *  . *  * *  : :  : :  :  * : * .  * * *  * * * .  * * *
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AGA- -AATTGCTTCAAAACTCCATTTCGGCGAA-ACGCGTTGTTTTG-CT- - -A-C- -A-TT - - -
* * . * * * * * *  *  . * *  *  * .  *  *  *  *  .  t f  *  *  *  *  * *
- - -  I  -  r  r  u r  r  u r  r  u - -  1 - - - - u A - u - A U - - - u l  u f f i - - u - - - - u - A l  u u l  - - u u u A - g - u - g A
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-  -  -T-TTCTTGTTC--T----CA-G-AC---CTCAAAA--G-- . -G-ATGCT--CGCA-G-G-GA
ACCTATTC-GCTTCGATGGGACACGCACTCGCTGAGCAGCGCTTCG-ATTCTTACGA'qJ\GTGTGA
- u -  t A l  - u  I  I  I  I  I  U - -  I  - - - - U - - U - - U - - - - - U M - A U - U -  I  - - U U A U L U I  -
AAAAAATTGGCT - GCAATGAAGAGGTGATCGCCGAA-A-- CT GAGGCCTATTTTGAGGCCGAA- -
AAiqiq,qTTTGGCT-GCAATGAAGAGGTGATCGCCGAA-A--CTGAGGCCTATTTTGAGGCAJ\jqJqCC
CA'\AATTTGACT-GAA'\TGAJ\GAGGTGGTCGCCGAA-A--CTGAGGCCTATTTTGAGGCAA'\ACC
A'q,\,qA--TGGCTCG-A-TGAAT-GGT--TCGCCGCA'q'q'qGACGATGAGTTCTACT-GGC.-----
C_ _ - - --TGTCT-G-AAGGAAGA-TT- -TC-CCGAACAA-CCGA-CACT-GTCGTGGGC--ACTC
* *  * *  *  * .  * * * . .  *  * *  * * * . *  *  ,  * *  . *  *  * * *
Fig. 1. The alignment of mariner elements with the AaMcl sequence from Anopheles albimanus. *, conserved
nucleotide; :, conserved nucleotides excluding the fruit fly; -, gap inserted to optimize the alignment. The alignment
was performed by CLUSTAL W (1.7), Houston, TX.
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ist it mariner elements. Digested fragments were
transferred to a nylon filter and 32P-labeled An' al-
bimanus mariner-lke element was used in the hy-
bridization. One 4.3-kb band appeared in the au-
toradiograph from the EcoRl-digested DNA,
whereas a 10-kb, a 3-kb, and a 2-kb band appeared
in the autoradiograph from the fftndlfl-digested
DNA (Fig. 2).
Copy numbers
The intensity of hybridization of the lst spot of
An. albimanus genomic DNA (6.5 pg : 6.5 X lff
pC: 2.17 x 10? haploid genomes assuming -0.3
pg/haploid genome) was most similar in intensity
to the 4th spot (5 X lff molecules) of the LK frag-
ment annealed to itself (Fig. 3). This suggests that
there are - 5 x 10s copiesl?.IT x 10? haploid ge-
nomes : 0.023 copies/genome or no more than 1-
2 copies of LWAn. albimanus genome.
DISCUSSION
We demonstrated the existence of a mariner-lke
element in An. albimanus. Howeyer, the dot blot
and the EcoR[ and HindIlI digestion suggest only
one or a few copies of the element. Nucleotide se-
quence similarity was relatively low (37-56Vo) witlr
respect to other insect mariner-like elements but
well within the range of other interspecific com-
parisons in insects. In addition, we found no open
reading frame and no obvious regions of amino
acid conservation with othet mariner elements.
Among 65 insect species, the amino acid similarity
ranges from 23 to 45Vo (Holly and Langer L992).
This may indicate that the mariner-l7ke element in
An. albimanu.r represents an ancient transposition
and that the element is no longer active. Nucleotide
insertions and deletions mav have caused shifts in
the open reading frame.
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